The macrozoobenthos living around two offshore gas platforms, Barbara NW (pB) and Calipso 13 (pC) located in the northwestern Adriatic Sea were investigated for three years after their 14 construction to detect eventual effects due to the platforms. The sampling stations were spaced at 15 increasing distance from the platforms up to 1000 m. Both multivariate and univariate analysis 16 showed an initial defaunation (short-term effect) at pB and within a 120 m radius at pC. A general 17 recovery in terms of abundance, species richness and diversity was observed for the benthic 18 communities after one year. During the third monitoring year a mussel mound developed at both the 19 platforms (longer-term effect) extending up to 30 m from pC, whereas similar soft-bottom 20 communities were found at all the other distances. The geographical position play an important role 21 in the "timing" of the above effects. Moreover, despite the different environmental features, a 3-22
following the basin topography with a speed of 5-10 cm s -1 sporadically reaching 20 cm s -1 9 (Paschini, unpublished results). The sediment texture was homogeneous at the different distances 10 from the platform in the overall study period. A gradual decrease of heavy metal content was 11 observed from the first to the last monitoring year. Nevertheless, some anomalies for copper, lead, 12 barium and zinc were recorded during the overall monitoring period. During the first two years after 13 installation PAH concentrations were higher around the structure compared with those recorded at 14 the farther distances, but they decreased in 2005 (De Biasi et At both platforms water-based muds were used for the drilling operations and neither 20 cuttings nor formation waters were discharged at sea. Moreover, no water is discharged during the 21 production phase. 22
Sampling design and analyses 23
The sampling design was planned according to the 'gradient design' approach that is 24 particularly useful when a stressor or disturbance attenuates with the distance from the point source 25 of impact (Ellis and Schneider, 1997) . 26
For each platform, four sampling sites (about 20 m apart) were randomly selected at 5 m, 30 1 m, 60 m, 120 m, and 1000 m from the structure. At each site three samples were collected using a 2 Van-Veen grab (capacity = 13 L and width = 0.105 m 2 ), for a total of 12 samples for each selected 3 distance. 4
The overall 720 biological samples (60 samples x 2 platforms x 6 surveys) were sieved in 5 situ through a 0.5 mm mesh and all organisms retained were preserved in 5% buffered formalin. In 6 the laboratory, macrofauna was sorted through a stereomicroscope and a binocular microscope, 7
identified and classified to the species level when possible using standard nomenclature, quantified, 8 and weighted. 9
Data analysis 10
Multivariate analyses were performed to identify spatial and temporal changes in the 11 composition and abundance of macrofauna communities using PRIMER™ ecological software 12 package developed by the Plymouth Marine Laboratory (Clarke, 1993; Clarke and Warwick, 2001) . 13
Prior to any analysis, the species abundance data were fourth-root transformed to reduce the 14 contribution of prevalent taxa and therefore increase the importance of less abundance species . 15 Afterwards, species contributing at least 10% of the total community abundances were selected and 16 the Gower exc 0-0 similarity matrix was calculated. Gower coefficient is well-suited for 17 quantitative abundance data excluding double-zeros from comparison (Legendre and Legendre, 18 1998). The differences among macrofauna assemblages at increasing distance from platforms 19 during the three monitoring years were tested by means of a permutation analysis of variance. This 20 method allowed testing of the general multivariate hypothesis of differences in the composition 21 and/or relative abundances of organisms of different species in samples from different groups 22 (Anderson, 2001; McArdle and Anderson, 2001 ). In the 3-way PERMANOVA, Distance (five 23 levels fixed factor), Year (three levels fixed factor) and Platform (two levels random factor 24 orthogonal to the other two factors) were considered. Since the test results were significant for the 25 factor Platform, pB and pC were investigated separately and independently from each other. 26
For both pB and pC, multivariate patterns of variation among distances and years were 1 tested by PERMANOVA and the significant terms were investigated using pair-wise comparisons. 2 Successively, similarity percentage breakdown procedure (SIMPER; Clarke and Warwick, 2001) 3 was used to determine the contribution of individual taxa towards the dissimilarity between and 4 similarity within the two distance and year groups. 5
Univariate measures such as species abundance (N), species richness (S m ) and Simpson 6 index (λ; Simpson, 1949) were calculated on benthic abundance data for each sampling site at each 7 distance for the three sampling years. Changes in these biological indices were examined using the 8 same statistical design previously described for PERMANOVA. The random factor Platform and/or 9 the interactions between Platform and the other terms showed again significant differences. 10 Therefore a 2-way ANOVA was conducted separately for each platform considering Distance and 11
Year as fixed factors. In the case of significant interactions, a one-way ANOVA was employed for 12 each temporal factor level to compare the distance. Prior to performing statistical analyses, normal 13 distribution and heterogeneity of variances were evaluated through the Kolmogorov-Smirnov and 14
Bartlett tests, respectively (Lindman, 1992). When the latter was significant, the relationship 15 between means and the respective standard deviations was analysed to check whether the ANOVA 16 assumptions were effective at any rate. Based on the tests, total abundance data (N) were log-17 transformed. The Tukey HSD test for balanced samples was used to make comparisons across all 18 pairs of group means when corresponding ANOVA tests were significant. Levels of significance 19 were set at p≤0.01 (highly significant) and p≤0.05 (significant). 20 21
Results 22

Overview 23
A total of 206 taxa were recorded at pB. This group included 92 polychaetes, 52 24 crustaceans, 41 molluscs, 8 echinoderms, 5 cnidarians, 3 sipunculids, 1 ascidian, 1 nemertean, 1 25 nematod, 1 platelmint and 1 tunicate, for a total of 1,369 ind 0.105 m -2 . The community mostly 1 consisted of both limicoulus and sandy organisms. 2 On the other hand, a total of 139 taxa were found at pC. Of these, polychaete worms made 3 up again the greatest proportion of the macroinvertebrate population with 67 taxa, followed by 32 4 crustaceans, 26 molluscs, 6 echinoderms, 4 cnidarians, 2 sipunculids, 1 nemertean and 1 platelmint, 5 for a total of 1,481 ind 0.105 m -2 . Limicoulus species dominated the community. 6
Although at both pB and pC sites most taxa were typical of soft-bottom communities, close 7 to the platforms, hard-bottom species were also found, especially crustaceans (e.g., Pilumnus 8 hirtellus, Galathea intermedia) and molluscs (e.g., Mytilus galloprovincialis, Neopycnodonte 9 cochlear, Hiatella arctica). Although the number of these species was initially very low in all the 10 sampling sites, it increased by the end of the monitoring (during the third year) at both pB and pC. 11
Multivariate patterns 12
The 3-way PERMANOVA highlighted a significant difference in the abundance of 13 macrobenthos between pB and pC (Table 1) . Moreover, significant interactions among Distance, 14
Year and Platform were shown by PERMANOVA (Table 1) . Analyzing separately the two 15 platforms, significant differences among distances and years were found for both pB and pC (Table  16 2), indicating a potential effect of the platforms on the spatial and temporal variation of zoobenthic 17 communities. Pair-wise test revealed that 5 m sites for pB were different from all the other distances 18 during the overall sampling period (Table 2) , while the 1000 m sites were different from all the 19 others only during the first sampling year. A spatial gradient was determined by the presence of the 20 platform from sites nearest to the platform to those furthest away. The macrofauna assemblages 21 evolved in the second and third year. The communities became similar at all distances with the 22 exception of 5 m sites. On the other hand, as regards pC, pair-wise tests pointed out a temporal 23 evolution of 5 m sites which became completely different from all the other sites in the last 24 sampling year (Table 2) . 25 1 distances for both pB and pC (Table 3 ). The crustacean Callianassa subterranea, together with the 2 polychaetes Nephtys hystricis, Capitella capitata, and Paralacydonia paradoxa were not collected 3 in 5 m sites for pB and were the major contributors to these dissimilarities. 4
On the other hand, the decrease of abundant polychaete species such as Caulleriella 5 caputesocis, Sternaspis scutata, and Prionospio cirrifera was associated with a greater contribution 6 of the polychaetes Marphysa bellii, Lumbrineris impatiens, of the gastropod Hyala vitrea, and of C. 7 subterranea at increasing distance from the platform. These species were the major ones 8 responsible for the differences at pC. 9
On temporal scale (year groups, Table 3 ) the dissimilarity was slightly higher between the 10 second and third years rather than between the first and the second ones for pB, while highly 11 decreased for pC. 12
Univariate patterns 13
As in the multivariate analysis, also the 3-way ANOVA highlighted highly significant 14 interactions among the three considered factors (Distance, Year, and Platform; Table 4 ). Therefore, 15 the analysis was again computed separately for pB and pC. 16
As regards pB, S m , N, and λ showed different spatial trends in each sampling year causing a 17 significant interaction between Distance and Year (Table 5 ). During the first year the benthic 18 community was represented everywhere by a low number of both species and individuals. S m (Fig.  19 2) changed from 4.63±1.03 (5 m) to 14.50±3.37 (1000 m; one-way ANOVA, p<0.01). A significant 20 increment (p<0.05) was observed from 5 m to 30 m, which showed a value of 13.38±1.64 similar to 21 all the other distances. No differences among distances were recorded for N, varying from 22 12.00±1.55 ind 0.105 m -2 (5 m) and 27.38±5.16 ind 0.105 m -2 (60 m; Fig. 2 ). In contrast, the λ value 23 at 5 m (0.38±0.0.30) was significantly higher than the others (p<0.01) due to the dominance of the 24 polychaete Prionospio malmgreni. In the second year, S m and N were characterized by similar 25 trends (Fig. 2) . The lowest S m and the highest λ (11.63±7.13 and 0.16±0.10 respectively) were still 26 11 recorded at 5 m. The difference was significant only for S m in respect to 30 m (19.13±1.55; 1 p<0.05). At the end of the second monitoring year, a mussel mound started to develop close to the 2 platform hosting a varied macrobenthic community composed by both soft-and hard-bottom 3 species. As a consequence, during the third year, S m and N reached the highest values (23.25±6.74 4 and 104.00±31.25 ind 0.105 m -2 respectively) at 5 m, showing significant differences with the other 5 distances. λ was similar everywhere due to the high number of species with low dominance. 6 S m , N, and λ showed different spatial trends in each year also for pC, making significant the 7 interaction between Distance and Year (Table 5 ). In the first sampling year the benthic community The values of S m obtained within a 30 m radius were similar to each other (5 m: 23.00±3.32; 30 m: 19 22.13±2.10) and significantly higher than those observed from 120 up to 1000 m (p<0.05; Fig. 2 ). 20
The greater occurrence of M. galloprovincialis at 5 m caused a very high N value close to the 21 platform (243.50±33.15 ind 0.105 m -2 ), which was statistically different from the other distances 22 (p<0.01). Also the 30 m value (87.00±9.87 ind 0.105 m -2 ) was significantly higher than those 23 recorded at the further distances (p<0.01). Finally, λ index was significantly higher at 5 m 24 (0.20±0.06) in comparison to 30 m and 60 m (p<0.01 and p<0.05 respectively). 25
Discussion 1
The Adriatic Sea is largely affected by many different human activities (e.g., tourism, 2 fishing, open-sea aquaculture), and the extraction of natural gas represents one of the most 3 important. The quantification and interpretation of the environmental effects of offshore gas 4 platforms can be difficult and hard to generalize. Although the physical presence of the structure is 5 a common characteristic to all the platforms, several local abiotic and biotic variables, especially in 6 the Adriatic Sea, influence the effects of each platform in a unique and different way. In fact, the 7 peculiar physiography of this long, narrow, shallow water basin with many fresh water inputs, 8 enhances the effects of nutrients and oxygen concentration, salinity, temperature, turbidity, currents, mixing due to sea storms and currents typical of these near shore areas seem to be the main factors 26 that induced a major population dynamic reducing all the effects' duration. As a matter of fact, a 1 slight difference in the time of recovery was also highlighted between pC and pB, located at similar 2 depth but 35 km and 56 km offshore respectively. From the ecological point of view, the increased seabed heterogeneity due to shells, 10 fragments and dead organisms falling for natural dislodgement or structure cleaning, associated to 11 the physical extension along the water column, make the platforms a unique habitat. Many aquatic 12 organisms, indeed, can settle on these substrates or gather around them either for orientation, 13 protection and/or greater food availability (e.g., Bomkamp 
